A method to measure moisture in encapsulant resin of IC packages by microwaves was demonstrated, which can determine moisture directly without drying and weighing the packages. An coaxial line sensor acts both as a source and receiver of microwave signal that is transmitted into and reflected from the package. A frequency of 100 GHz was used to increase the measurement sensitivity. The relationship between the measured amplitude of the reflection coefficient and the moisture content in the packages was found to be linear. The amplitude difference, which is corresponding to the attenuation of microwave, in the cases of packages with and without moisture content, increases linearly with the increase of the thickness of the resin above the chip pad. For any kinds of packages, if the thickness of the packages is the same, the moisture content can be determined by the microwave amplitude measurement after testing two reference packages; if the thickness of the packages is known, the proposed method can be used directly after measuring a dry package.
Quantitative Evaluation of Moisture in Encapsulant Resin of IC
Packages by Microwaves
Introduction
Moisture absorbed in the encapsulant resin of IC packages may lead to delamination in IC packages during the solder reflow process, as the packages are exposed to the solder melting temperature. The delamination makes a package cracking which causes a disconnection between the chip and lead, chip corrosion, and so on (1) - (3) . Therefore, it is important to understand the contribution of moisture content to the delamination of IC packages (4) , (5) . However, most standard methods of determining moisture content require weighing the package, in some cases drying it for several days (up to several weeks), and reweighing. In the present paper, a method to measure the moisture absorbed in encapsulant resin by using microwave is studied. The primary advantage of microwave method over the standard weighing method is that the moisture content can be determined directly from a wet material without drying and weighing it (6) , (7) . Recently, a preliminary experiment had been carried out which shows that the moisture absorbed in IC packages can be determined by measuring both the amplitude and phase of the microwave * Received 26th December, 2003 (No. 03-4215) * * Department of Mechanical Engineering, Tohoku University, 01 Aoba, Aramaki, Aoba-ku, Sendai, Miyagi 980-8579, Japan. E-mail: ju@ism.mech.tohoku.ac.jp * * * Professor Emeritus, Tohoku University reflected from the packages (8) . Also, the attenuation of microwave has been examined to be linear with the moisture absorbed in the encapsulant resin materials (9) . In this paper, we demonstrate a method to determine the moisture content in IC packages by measuring the amplitude of the reflection coefficient.
Basic Definition and Principle
The moisture content of the encapsulant resin, M, expressed in percentage, is defined as
that is, as the ratio of the weight of the contained water, m w , to the total weight of wet resin, where m d is the dry weight of the resin. The principle of the technique described here is based on the interaction of microwave signal with the encapsulant resin. An open-ended coaxial line sensor acts as the source of the microwave signal that irradiates the package from the backside and also as the receiver of the reflected signal from the package. For discontinuous mediums, reflection will take place at all the interfaces of adjacent layers. The total reflection emerging at the sensor aperture will be a combination of the components reflected from the surfaces of the package and the chip pad inside the package. When the operating frequency, standoff distance and resin material are fixed, the component reflected from the surface of the package can be considered to be constant. On the other hand, since the attenuation of microwave due to dry resin is significantly smaller than that due to the moisture content in the wet resin, the magnitude of the component reflected from the surface of the chip pad (assumed to be perfect conductor) is only due to the moisture content absorbed in the wet resin. In addition, the phase of this reflection component varies with the thickness of the resin above the chip pad. Therefore, the measured amplitude of the reflection coefficient at the sensor aperture varies with not only the moisture content of the encapsulant resin, but also the thickness of the resin above the chip pad. However, by measuring the amplitude difference in the cases of the packages with and without moisture content, which is the attenuation of microwave in the wet package, the moisture contained in IC packages can be determined.
Experimental Procedure
The configuration of the microwave measurement system is shown in Fig. 1 . A network analyzer (HP8510) was used to generate a continuous wave signal fed to the open-ended coaxial line sensor and to measure the amplitude of reflection coefficient at the sensor aperture. The photograph of the coaxial line sensor is shown in Fig. 2 . The sensor has the inner and outer radii, 0.15 mm Fig. 1 Configuration of the microwave measurement system Fig. 2 Photograph of the open-ended coaxial line sensor and 0.47 mm, respectively. A computer was employed to record the data output from the network analyzer and to synchronize the stage translation in the x, y and zdirections. In the experiment, the standoff distance from the sensor aperture to the sample surface was fixed at 0.1 mm. To increase measurement sensitivity, the frequency was swept from 80 GHz to 110 GHz in order to find an optimum frequency.
To examine the effect of the thickness of packages, three kinds of samples having different thickness were prepared. Table 1 shows the thickness of the package samples. All the samples were formed by epoxy resin filled with 83 wt% of silica powder and then cured for 2 hours at 448 K, and post-baked for 8 hours at 448 K. The dimensions of the samples are shown in Fig. 3 . Different moisture contents were introduced into the samples with the environmental conditions of 358 K, 85 RH% for 24 to 168 hours. The moisture contents were measured using the standard weighing method before the microwave measurement was carried out. Dry samples were treated at 358 K for 24 hours. Figure 4 shows the measured amplitude difference, ∆A, of the reflection coefficient between the wet and dry samples of S2, versus the frequency, f , from 80 GHz to 110 GHz. It is shown that at the frequency of 100 GHz, Table 1 Samples having different thickness a larger change in the amplitude was obtained. In other words, higher sensitivity can be obtained by using the frequency of 100 GHz. Figure 5 shows the relationship between the amplitude, A, of the reflection coefficient measured for different samples at the frequency of 100 GHz and the moisture content. The amplitude of the reflection coefficient is found to be linear with the moisture content for each kind of samples having the same thickness. Therefore, for any kinds of packages having the same thickness, the moisture content can be determined by measuring the amplitude of the investigated package and two reference packages. It is noted that the absolute uncertainty measured for each kind of samples is less than 0.02 dB. In Fig. 5 , it is also observed that the amplitude for the samples S3 having the thickness of 2.7 mm Fig. 4 Amplitude difference between the wet and dry samples versus frequency Fig. 5 Relationship between the amplitude of the reflection coefficient and moisture content is larger than that of the samples S2 having the thickness of 2.0 mm. The reason is due to that the amplitude of reflection coefficient is a vector combination of two reflections from the surfaces of the package and the chip pad. Therefore, the phase of the reflection from the chip pad, which varies with the thickness of the resin above the chip pad, also affects the value of the amplitude of the reflection coefficient. However, by observing the slope of the approximated straight line in Fig. 5 for different kinds of samples, it is found that the slope decreases with the increase of the thickness of the samples. It means that the attenuation of the microwave increases with the increase of water absorbed in the packages. Figure 6 shows the approximated relationship between the amplitude difference of the reflection coefficient in the cases of the samples with and without moisture content and the moisture content obtained from Fig. 5 . If the samples have the same moisture content but different thickness, the attenuation of microwave will have a linear increase with the increase of the thickness of the resin above the chip pad. From  Fig. 6 , the relationship of the microwave attenuation and the moisture content can be expressed as
Results and Discussion
and
where Fig. 7 . From Fig. 7 , one got where C = −0.396 dB/mm. It means that for a series of package, if the thickness of the resin above the chip pad is known, which could be obtained from the package thickness, the moisture content can be determined by measuring the amplitude of the reflection coefficient of the investigated package and a dry package.
Conclusions
The method of quantitative evaluation of moisture in encapsulant resin of IC packages by microwaves was demonstrated. The relationship between the measured amplitude of the reflection coefficient and the moisture content in the packages having the same thickness was found to be linear. The amplitude difference in the cases of packages with and without moisture content, that is the attenuation of microwave, increases linearly with the increase of the thickness of the resin above the chip pad. For any kinds of packages, if the thickness of the packages is the same, the moisture content can be determined by the microwave amplitude measurement after testing two reference packages; if the thickness of the packages is known, the proposed method can be used directly after measuring a dry package.
